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Abstract
One of the most puzzling questions in particle physics concerns the status of the baryon (B) and lepton (L) quantum
numbers. On the theoretical side, most new physics scenarios naturally lead to their non-conservation and some amount
of violation is actually needed to explain the baryon asymmetry of the Universe. On the experimental side, low-energy
constraints such as those on proton decay are so stringent that it is generally believed that no B and L violation will ever
be seen in laboratories. We observe that this apparent contradiction, however, disappears when the flavor symmetries in-
volving all three generations are taken into account. We then identify model-independent classes of B and/or L violating
six-fermion-based processes that indeed simultaneously satisfy low-energy constraints and produce clearly identifiable
signals at the LHC. Finally, through simplified models, we study two classes characterized by (∆B; ∆L) = (±1;±3) and
(±2; 0), that lead to particularly striking signatures (t µ+e+ and t¯ t¯+jets, respectively).
Keywords: Flavor symmetries, Baryon number, Lepton number, LHC phenomenology
1. Introduction
The Standard Model (SM), while now experimentally
confirmed in all its predictions, cannot be the ultimate
theory. Reasons are multifold, and range from mostly
aesthetic theoretical arguments (e.g., naturalness, unifi-
cation of gauge couplings, inclusion of gravity) to experi-
mental ones (e.g., neutrino masses, evidence for dark mat-
ter). Moreover, when analyzed in more detail, both theory
and data often point toward the existence of new degrees
of freedom around the TeV scale, which may soon reveal
themselves at the LHC. In this context, the tiny neutrino
masses and the extremely long lifetime of the proton re-
main some of the most puzzling conundrums. Concerning
the latter, baryon number violation appears fairly natu-
rally in many new physics (NP) scenarios and is actually
needed to explain the observed abundance of matter over
antimatter in the Universe. Yet, the proton looks amaz-
ingly stable.
In this Letter, we observe that the flavor symmetries
present in the SM gauge sector and their subsequent break-
ing through SM-like flavor mixings only, allow to lower the
scale of the B and/or L violating (BLV) new physics at
the TeV while still satisfying low-energy constraints like
proton stability. Such BLV interactions could therefore be
resonant at the energies probed by the LHC. To character-
ize their signatures in a model-independent way, effective
field theory techniques can thus not be employed. We find,
however, that gauge and Lorentz invariant processes satis-
fying the three-generation flavor requirement can only in-
volve very specific combinations of at least six external SM
fermions, possibly accompanied by SM bosons or fermion-
antifermion pairs. We denote by non-local fermionic chan-
nel a class of such six-fermion-based processes and single
out two particular ones giving rise to striking signatures at
the LHC: a single top in association with a muon-electron
same-sign pair and two same-sign tops in association with
jets, with a significant predominance of t¯ t¯ over t t. We
consider realizations of such non-local fermionic channels
in simplified models of new TeV-scale resonances that can
satisfy low-energy and collider constraints and yet possibly
lead to event rates accessible at the LHC.
2. Flavor-diagonal B and L violation
Our starting point is the flavor symmetry of the SM:
the gauge interactions of the five fermion species (two left-
handed fermion doublets, and three right-handed fermions
per generation) are independent of their flavors. In other
words, the kinetic Lagrangian of the SM exhibits a large
U(Ng)5 flavor symmetry [1], with Ng the number of gen-
erations. Crucially, even though this symmetry ends up
broken in the SM, it happens in a very peculiar way that
is extremely well supported experimentally. First, the ex-
plicit breaking induced by the Yukawa interactions only,
leads to highly hierarchical fermion masses and quark fla-
vor mixings. As a result, SM flavor-changing transitions
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Figure 1: Examples of six-fermion B and/or L violating processes. (a) Three-generation fermionic core interaction. (b) Proton decay
process, where the suppression induced by the SM-like flavor transitions ensures a lifetime compatible with current limits. (c) Unsuppressed
flavor-diagonal B and/or L violating process accessible at the LHC.
are mostly diagonal. Second, the U(1) factors correspond-
ing to the conventional B and L charges are accidentally
conserved at the classical level and turn out to be broken
by the SM dynamics through quantum effects. Yet these
anomalous B − L conserving interactions are extremely
suppressed at low temperatures [2]. So, even though NP
scenarios may in principle introduce many new sources of
breaking of the full flavor group, they cannot be generic:
any new SU(Ng)5 breaking term is required by flavor ex-
periments to be roughly aligned with the SM ones and any
new breaking of U(1)B,L must pass the stringent bounds
on the proton lifetime.
To introduce our strategy, let us first assume the exact
conservation (flavor-blindness) by the NP of the SU(Ng)5
part of the full flavor symmetry group, but not its in-
variance under the U(1) factors. It turns out that the
U(1)B and/or U(1)L may be broken, but only in a very
specific way. Indeed, the only SU(Ng)5 flavor invariants
are either identical fermion–antifermion pairs (δba ψ¯aψb)
which conserve B and L, or the combinations of Ng iden-
tical fermions, antisymmetrized over their flavor indexes
(e.g., abcψaψbψc when Ng = 3). Thus, flavor-blind BLV
interactions are possible, yet only if they respect the se-
lection rules: Nc ∆B ∈ Ng Z together with ∆L ∈ Ng Z,
where Nc is the number of QCD colors and Z the set of
integers [3]. Remarkably, with Ng = Nc, ∆B can take
any integer value. Assuming Ng = Nc = 3 and impos-
ing the SM gauge and Lorentz invariances imply that the
simplest flavor-blind BLV processes involve at least twelve
fermions [3], i.e., as many as for the anomalous B − L
conserving interaction of the SM [2].
A strict flavor-blind setting is, however, not realistic
as the SU(3)5 flavor symmetry is already broken in the
SM by the fermion mass spectrum. Interestingly, if the
NP dynamics does not introduce new significant sources
of flavor symmetry breaking, which is well supported ex-
perimentally, then the selection rules given above are unaf-
fected, but six-fermion interactions (see Fig. 1(a)) become
allowed [3]. As a result, the simplest possible BLV interac-
tions are characterized by (∆B; ∆L) = (0;±6), (±1;±3),
(±1;∓3), (±2; 0).
2.1. Low-energy constraints
The absence of new significant SU(3)5 symmetry break-
ing sources in the NP dynamics ensures not only that any
TeV-scale NP scenario passes the constraints from flavor
factories, but also that the expected proton lifetime re-
mains above the current experimental limits. First, it au-
tomatically forbids the four-fermion operators [4] which
induce (∆B; ∆L) = (±1;±1) transitions that are very
much constrained at low energies. Second, low-energy
constraints on six-fermion effective operators are satisfied
thanks to their high dimensionality (leading to a suppres-
sion factor (mnucleon/1 TeV)10 ≈ 10−30 for decay rates),
and to the presence of antisymmetric contractions in flavor
space. At first sight, these contractions require all the fla-
vors, including the heaviest, to be simultaneously present,
so that (di)nucleon decays or neutron–antineutron oscilla-
tions would end up kinematically forbidden. In fact, the
presence of the SM flavor breaking terms allows for mix-
ings so that BLV processes among light quarks and leptons
are not strictly forbidden (see Fig. 1(b)). However, as long
as flavor mixings remain SM-like, the flavor suppression
is such that all the experimental constraints are satisfied,
even with NP at the TeV scale [3].
2.2. Non-local fermionic channels
At TeV colliders, there is no need to call in for flavor
mixing suppressions since heavy fermions can be produced
directly. So, flavor-diagonal BLV transitions, i.e., transi-
tions involving all three generations and surviving in the
limit where all Yukawa couplings are simultaneously diag-
onal, are readily accessible (see Fig. 1(c)). In other words,
BLV interactions are flavor-diagonal when explicitly anti-
symmetric in flavor space. Furthermore, since low-energy
constraints are compatible with new dynamics at the TeV
scale, such processes could be resonant (i.e., non-local) at
colliders. Were they not resonant, no signal would actually
be visible, essentially because local interactions involving
at least six fermions are extremely suppressed by powers
of the NP scale and by phase space.
We therefore assume that NP is at the TeV scale and
that BLV transitions can be mediated by resonant states
promptly decaying into SM fields. Restricting ourselves
first to the minimal content of six SM fermions that would
actually be seen in detectors once NP states have decayed,
we only get a handful of field combinations allowed by the
overall color and electric charge conservation as well as by
flavor-diagonality (see the second column of Table 1). In
a resonant regime, the underlying NP dynamics can no
longer be approximated as local and each of these mini-
mal fermionic cores can actually be considered as the rep-
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∆B ∆L Fermionic cores Examples Promising LHC processes Aeµ
0 ±6 NNN NNN νe νµ ντ ⊗ νe νµ ντ u u¯→ e−µ−ντνeνµντ W+W+ 0
±1 ±3 UUU EEN t c u⊗ e− µ− ντ u c→ t¯ e+ µ+ ν¯τ +
u g → t¯ c¯ e+ µ+ ν¯τ +
g g → t¯ c¯ u¯ e+ µ+ ν¯τ 0
u c→ t¯ e+ µ+ τ+ W− +
UUD ENN t c d⊗ e− νµ ντ d c→ t¯ e+ µ+ ν¯τ W− +
UDD NNN t s d⊗ νe νµ ντ d s→ t¯ e+ µ+ ν¯τ W−W− +
±1 ∓3 UDD N¯N¯N¯ t s d⊗ ν¯e ν¯µ ν¯τ d s→ t¯ e− µ− ντ W+W+ −
DDD E¯N¯N¯ b s d⊗ e+ ν¯µ ν¯τ d s→ t¯ e− µ− ντ W+W+ −
±2 0 UDD UDD t s d⊗ t s d d d→ t¯ t¯ s¯ s¯ −
d g → t¯ t¯ s¯ s¯ d¯ −
g g → t¯ t¯ s¯ s¯ d¯ d¯ 0
t c d⊗ b s d d u→ t¯ t¯ s¯ s¯ W+ −
d d→ t¯ t¯ c¯ s¯ W+ −
Table 1: First two columns: The selection rules for flavor-diagonal B and/or L violation and corresponding six-fermion cores. U, D, E, and
N are flavor-generic up-, down-type quarks, charged lepton and neutrino, respectively. Charge-conjugate interactions are understood as well
as antisymmetrization over the quark or lepton flavor indexes. Third column: Example of non-local fermionic channels corresponding to each
fermionic core, with specific flavor assignments. Fourth column: Promising flavor-diagonal B and/or L violating transitions to look for at the
LHC for each non-local fermionic channel. Fifth column: The expected dilepton charge asymmetry, as defined in Eq. (1), for an eµ final-state
pair.
resentative of a larger class of possible processes we name
a non-local fermionic channel (NLFC). They are not ef-
fective operators. Specifically, because the power count-
ing of effective field theories can no longer be used, each
of these NLFC may include additional flavor-diagonal, B
and L conserving, combinations of SM particles beside
the six core fermions. Thus, they represent the channels
with six fermions alone or together with neutral SM gauge
bosons, fermion-antifermion pairs, neutral Higgs bosons,
or with one or several of the core fermions replaced by
their SU(2)L partners and a W , for instance N → EW+
or D→ UW− (see the fourth column of Table 1).
Notably, the fermionic cores of Table 1 all involve same-
sign combinations of leptons and quarks, i.e., either only
leptons or only antileptons, and, either only quarks or
only antiquarks. This characteristic feature is preserved
at the NLFC level, in the presence of additional external
SM bosons. At colliders, the lepton and top-quark charges
therefore provide a crucial handle to disentangle BLV pro-
cesses from SM background and other NP scenarios.
3. LHC signatures
We now focus on the LHC signals induced by BLV
transitions [5] in our three-generation context. Despite
the fact that each NLFC actually involves more processes
than the simplest six-fermion interactions, a well-defined
search strategy can be established. To this end, we identify
two main observables that rely on the same-sign character
of final-state leptons and initial-state quarks, respectively.
3.1. Same-sign leptons
To detect three-generation BLV interactions at the LHC,
the final state should satisfy some experimentally-driven
criteria. First, having access to the charge of produced
particles is of critical importance. A signature featuring
a same-sign top pair or a same-sign electron-muon pair at
the LHC for instance fulfills this criterion. In addition,
it also permits to avoid large SM backgrounds. Second,
signatures with a minimal number of light quark jets and
neutrinos are preferable.
These phenomenological considerations strongly con-
strain the number of viable channels (see the fourth col-
umn of Table 1). On the one hand, the (∆B; ∆L) =
(0;±6) and (±1;∓3) processes are difficult to reach. Neu-
trinos could be replaced by `−W+ fields, with the W pos-
sibly decaying hadronically not to change the character-
istic leptonic signature. Even though it is in principle
possible that a BLV transition occurs only concurrently
with, or resonate only in the presence of, the emission
of some SM bosons, this might turn out to be experi-
mentally more difficult to identify. On the other hand,
the UUU EEN and UDD UDD fermionic cores make the
(∆B; ∆L) = (±1;±3) and (±2; 0) transitions readily ac-
cessible at the LHC through the processes displayed in
Table 1.
3.2. Charge asymmetries
As a proton-proton collider, the LHC gives the possi-
bility to build non-trivial observables based on the electric
charge information. Valence quarks appear more often
than sea quarks in the initial state. Therefore, qq ini-
tial states dominate over q¯q¯ ones and this asymmetry may
propagate in the final state. In practice, this effect driven
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by parton distribution functions (PDFs) is characteristic
of all processes of Table 1 and can be quantified by means
of a dilepton charge asymmetry, defined as
A`a`b ≡
σNP(p p→ `+a `+b X)− σNP(p p→ `−a `−b X¯)
σNP(p p→ `+a `+b X) + σNP(p p→ `−a `−b X¯)
, (1)
which can be close to +1 or −1 for some lepton flavors (de-
noted by a, b). Thus, these charge asymmetries, especially
when combined with the leptonic flavor information, pro-
vide characteristic signals for flavor-diagonal BLV interac-
tions, and allow to discriminate among different scenarios
(see the last column of Table 1).
For example, in the (∆B; ∆L) = (±2; 0) case, the d d
initial state of p p→ t¯ t¯ s¯ s¯+X is about 20 (100) times [6]
more likely than the d¯ d¯ one of p p→ t t s s+ X¯, for a par-
tonic center of mass energy of 1 (2) TeV, at the 8 TeV LHC,
with CTEQ6L1 PDFs [7]. Thus, looking at the leptonic
decays of the two tops, such BLV processes will lead to
many more negatively charged same-sign isolated leptons
than positively charged ones. Since decaying top quarks
produce all lepton flavors in equal proportions, A`a`b would
be close to −1 for all a, b. It should be stressed that this is
a very characteristic signal. Same-sign isolated dileptons
feature a positive charge asymmetry in the SM as well as in
most NP models. Other NP scenarios leading to a negative
one are quite peculiar and seem to require flavor-changing
neutral currents in the down sector (see Fig. 2(a)).
The (∆B; ∆L) = (±1;±3) and (±1;∓3) interactions
also lead to charge asymmetries, but only for leptons of
different flavors, i.e., A`a`b could be close to ±1 for a 6= b.
These leptons are directly produced by the NP dynamics
and are therefore required to be in a flavor-diagonal combi-
nation. Even the processes characterized by (∆B; ∆L) =
(±1;±3), for which A`a`b is positive, are clearly identifi-
able as NP.
Finally, it should be mentioned that BLV interactions
do not necessarily generate an asymmetry. Gluons can
replace light quarks in the initial state. If not too severely
suppressed by phase space, such processes could be PDF-
enhanced, or may resonate more easily than the quark-
initiated ones. In that case, the neutral initial state would
render the charge asymmetry vanishing. Still, the value of
the asymmetry would carry important information about
the NP dynamics as illustrated now.
3.3. Simplified B and L violating models for the LHC
To get estimates of flavor-diagonal BLV rates, we con-
sider simplified models giving rise to the two particularly
interesting NLFC characterized by (∆B; ∆L) = (±1;±3)
and (±2; 0), with Aeµ ≥ 0 and Aeµ ≤ 0 respectively,
Aeµ < 0 being a smoking gun.
Leptoquark simplified model. Both vector and scalar lep-
toquarks are required to give rise to the t c u ⊗ e− µ− ντ
NLFC. As our purpose is illustrative only, we do not ad-
dress the construction of a fully dynamical leptoquark model
but restrict ourselves to a simplified one (see Fig. 2(b)).
Vector (scalar) leptoquarks are taken to couple chirally to
a charged lepton (neutrino) and an up-type quark. Cou-
plings to fermions of the same generation are assumed
dominant and their strength is fixed universally to 0.6. For
given vector leptoquark masses this coupling constant is
constrained by the e+e− and µ+µ− observed spectra [8]. A
trilinear vector–vector–scalar vertex between leptoquarks
has a completely antisymmetric flavor structure and gives
rise to the three-generation signature. Vectors, with Yang-
Mills couplings to gluons, have a common mass of 1 TeV
while the scalars masses are taken to be 500 GeV. Existing
QCD pair production searches [9] do not target explicitly
the leptoquarks considered here but we have chosen values
for masses possibly compatible with an absence of signal in
the available data. At the 8 (14) TeV LHC, total rates es-
timated with the FeynRules-MadGraph5 [10, 11] soft-
ware chain are found to be [6]:
σLQ(u c→ t¯ e+ µ+ν¯τ ) = 0.0029 (0.025) fb,
ALQeµ = +0.93 (+0.90)
σLQ(u g → t¯ c¯ e+ µ+ ν¯τ ) = 0.018 (0.40) fb,
ALQeµ = +0.96 (+0.94)
σLQ(g g → t¯ c¯ u¯ e+ µ+ ν¯τ ) = 0.0019 (0.25) fb.
R-parity violating simplified model. We consider a sim-
plified supersymmetric extension of the SM restricted to
the super-QCD sector with all squarks degenerate and one
single sizable R-parity violating (RPV) coupling: λ′′tds =
0.1 [12]. Rates depend on the mass hierarchy between
gluino and squarks (see Fig. 2(c)). We choose two bench-
mark hierarchies for which the most relevant low energy
and collider constraints are satisfied. Despite instrumental
(charge, jet, heavy meson, or photon conversion misiden-
tification) as well as irreducible (t t¯W , t t¯ Z, di- or tri-
bosons) backgrounds, existing same-sign isolated dilepton
searches at the LHC [13] turn out to be fairly constrain-
ing [6]. As in the leptoquark case, we estimate the 8
(14) TeV LHC charge asymmetries and total rates [6]:
σRPV mq˜ = 600,mg˜ = 750,
800 GeV,
650 GeV,
d d→ t¯ t¯ s¯s¯ : 30 (110), 0.012 (0.065) fb,
ARPV`a`b = −0.95 (−0.88), −0.98 (−0.92),
g d→ t¯ t¯ s¯s¯ d¯ : 16 (140), 1.2 (12) fb,
ARPV`a`b = −0.80 (−0.69), −0.81 (−0.69),
g g → t¯ t¯ s¯ s¯ d¯ d¯ : 1.7 (33), 38 (590) fb.
4. Conclusions
We have argued that, if compatible with Standard Model
flavor symmetries, baryon and/or lepton number violation
can arise at scales as low as the TeV without conflicting
with stringent low-energy constraints. At colliders able to
produce heavy fermions directly, such a violation would
involve simultaneously all three quark and/or lepton gen-
erations. We have classified corresponding LHC signals in
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Figure 2: (a) B and L conserving process that might also give rise to a negative A`a`b charge asymmetry in NP production rates of same-sign
prompt and isolated dilepton. It involves flavor-changing neutral currents and a new heavy down-type quark denoted by b′ that couples
preferentially to the first generation. (b) Example of (∆B; ∆L) = (±1,±3) process with ALQeµ > 0 in our leptoquark simplified model. (c)
Examples of R-parity violating flavor-diagonal (∆B; ∆L) = (±2; 0) processes with ARPVeµ ≤ 0. Quark (gluon) initiated transitions are likely
to dominate if squarks (gluinos) are light and therefore resonate.
a fully model-independent way and found that same-sign
dileptons, their flavor, and the charge asymmetry in their
production rate provide unique handles to discriminate be-
tween B and/or L violating processes and SM backgrounds
or other new physics scenarios. This has been illustrated
with two simplified models: a generic leptoquark setting
and a restricted R-parity violating supersymmetric model.
Remarkably, both of them are already forced by existing
LHC searches to arise at scales no lower than a fraction
of TeV. With dedicated studies and more data, the LHC
will therefore offer us a fantastic opportunity to finally un-
ravel the true status of the B and L quantum numbers in
Nature.
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